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The design of a novel multipass optical arrangement for use with infrared multiple photon 
dissociation (IRMPD) in the quadrupole ion trap is presented. This design circumvents 
previous problems of limited IR laser power, small IR absorption cross sections for many 
molecules, and the limited ion statistics of trapping and detection of ions for IRMPD in the 
quadrupole ion trap. In contrast to previous designs that utilized the quadrupole ion store, 
the quadrupole ion trap was operated in the mass selective instability mode with concurrent 
resonance ejection. The instrumental design consisted of a modified ring electrode with three 
spherical concave mirrors mounted on the inner surface of the ring. This modified design 
allowed for eight laser passes across the radial plane of the ring electrode. IRMPD of 
protonated bis(2-methoxyethyllether (diglyme) was used to characterize the performance of 
the multipass ring electrode. Two consecutive reactions for the IRMPD of protonated 
diglyme were observed with a lower energy channel predominant at less than 0.6 J 
(irradiation times from 1 to 30 ms) and a second channel predominant at energies greater 
than 0.6 J (irradiation times > 30 ms). Other studies presented include a discussion of the 
dissociation kinetics of protonated diglyme, the use of a pulsed valve for increased trapping 
efficiency of parent ion populations, and the effects of laser wavelength and of ion residence 
time in the radial plane of the ring electrode on photodissociation efficiency. (1 Am Sot Mass 
Spectrom 1994, 5, 886-893) 
0 
ver the past 15 years photodissociation has 
become an integral tool in the study of gas- 
phase ion chemistry [l, 21. The combination of 
mass spectrometry (employing both ion trap and ion 
cyclotron resonance instruments) and photodissocia- 
tion has been used successfully to investigate the 
chemical kinetics, reactivity, and spectroscopy of vari- 
ous ionic species [3-91. The long storage times and 
instrumental configuration of trapping instruments are 
ideally suited for photodissociation experiments. Some 
capabilities of trapping instruments include the mea- 
surement of photon-induced ion decay as a function of 
laser irradiance time, the use of the multiphoton ab- 
sorption process to study fragmentation, and the use of 
the photodissociation spectrum as a fingerprint for 
determination of isomeric ion structures [ 101. 
Infrared multiple photon dissociation (IRMPD) is 
particularly well suited for use with trapping instru- 
ments. The ability to trap ions for an extended period 
of time at low pressures in both the ion cyclotron 
resonance (ICR) cell and the quadrupole ion kap mass 
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spectrometer (QITMS) allows for the sequential ab- 
sorption of infrared photons via low intensity continu- 
ous-wave (cw) infrared radiation. The IRMPD process 
was first characterized by Beauchamp and co-workers 
111, 121 for positive ions in the ICR cell. The first 
successful use of the quadrupole ion trap in conjunc- 
tion with IRMPD involved study of the proton-bound 
dimer of 2-propanol utilizing a cw CO, laser [13, 141. 
The instrumental configuration consisted of a 
quadrupole ion store (QUISTOR) connected directly to 
the ion source of a quadrupole mass filter. Optimiza- 
tion of this inskumental configuration for photodisso- 
ciation studies of proton-bound dimers was reported 
by Hughes et al. [15]. The same experimental appara- 
tus has been employed to investigate the gas-phase ion 
chemistry of ethanethiol, l- and 2propanethio1, and 
l-hydroxyethanethiol[16, 171. 
All earlier studies of the IRMPD process in the ion 
trap were performed with a single-pass ring electrode 
design, with a 3-mm-diameter hole on the center axis 
of the ring electrode as the entrance aperture for the 
low power cw CO, laser beam. Upon reaching the 
other side of the ring electrode, a portion of the beam 
passed through a O.&mm-diameter hole and through a 
NaCl window, where the laser power was monitored 
externally. The remainder of the laser beam was re- 
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fleeted by the ring electrode throughout the QLJISTOR lnstrumentol Configurotiorl 
1131. C To Cnmputer 
The ability to determine the dissociation pathway of 
lowest activation energy is a major advantage of 
IRMPD for well relaxed ions. This procedure can be 
used to simplify the structural elucidation process. 
However, to take full advantage of the slow multipho- 
ton absorption process, the rate of photon absorption 
must exceed the sum of all radiative and collisional 
relaxation rates. For many compounds, absorption cross 
sections in the IR region are very low, and a method is 
needed to increase the optical path length and pho- 
todissociation efficiency. In addition, because of both 
the limited tunability of the standard IR laser sources 
(CO,, CO, NO) and the low power of these lasers, 
there has been no systematic attempt to use IRMPD to 
obtain gaseous ion spectra and structural information. 
Figur.i 1. Instrumental configuration for IRMPD in the ion trap. 
In our laboratory, a multipass optical arrangement 
was constructed to produce eight laser passes across 
the radial plane of the ion trap ring electrode. This 
modified optical arrangement, as originally described 
by White [lt?], increased the optical path length and 
thus the amount of photon absorption obtained in the 
IR region. Incorporation of this novel White-type cell 
design into an ICR cell was first demonstrated by 
Watson et al. [19]. The White-type ICR cell was used 
for the study of resonance-enhanced two-laser infrared 
multiphoton dissociation of gaseous perfluoropropene 
cations [19], gallium hexafluoroacetylacetonate anions 
[18, 191, protonated diglyme cations [19,20], and ally1 
bromide cations [20]. The authors reported that frag- 
mentation in the White-type cell (by using energies 
lower by almost a factor of 20) was comparable to that 
seen in a simple double-pass experiment. 
both ion storage efficiency and detection; they were 
therefore removed. The vacuum manifold was 
equipped with a modified flange containing a ZnSe 
window to pass IR radiation. The software used was 
modified to accommodate two TTL pulses for com- 
puter control of both the cw CO, laser and the 
pulsed-valve apparatus [21]. The experimental ar- 
rangement can be seen in Figure 1. 
In this report, we discuss characterization of a novel 
multipass optical arrangement for use in a quadrupole 
ion trap. A detailed investigation into the IRMPD of 
protonated diglyme, including photon absorption, 
first-order dissociation kinetics, and wavelength de- 
pendence, is presented. In addition, a pulsed-valve 
technique is introduced that allows for the efficient 
trapping of parent ion populations, with subsequent 
collision-free conditions needed to study slow multi- 
photon dissociation processes. Finally, preliminary re- 
sults are presented for the effect of Mathieu parame- 
ters q2 and a, on photodissociation efficiency. 
The cw CO, laser employed was an Apollo Model 
570 that is line-tunable over a wavelength range of 
1099-924 cm-l and has a beam size of approximately 
1.0 cm. The maximum laser power obtainable was 
50 W at 944 cm ‘. The laser power supply was modi- 
fied with electronics that transformed an incoming 
TTL signal to the CMOS logic used by the laser. A 
spectrum analyzer (Optical Engineering, Model 16-A, 
Santa Rosa, CA) was placed directly in-line with the 
cw CO, laser beam for wavelength measurements. All 
laser energy measurements (Coherent Radiation Model 
410 power meter, Boulder, CO) were taken inside the 
ITMS vacuum manifold to correct for beam loss at the 
turning mirror surface and ZnSe window. Because of 
space considerations, the ion trap analyzer was re- 
moved from the ITMS vacuum manifold ior the energy 
measurements. The power meter was then positioned 
exactly at the location where the laser beam would 
enter the ion trap analyzer. The laser was placed paral- 
lel to the ITMS manifold with the beam reflected at a 
90” angle by a silver-coated mirror as seen in Figure 1. 
Laser beam alignment was accomplished with a He-Ne 
laser placed in-line with the cw CO, laser. The ana- 
lyzer of the ITMS was fitted with a modified mounting 
bracket to allow for rotation of the ion trap analyzer 
from its original fixed position to facilitate alignment. 
Experimental 
All experiments were performed on a Finnigan MAT 
(San Jose, CA) ion trap mass spectrometer (ITMS). 
Except for the pulsed-valve experiments, the ion trap 
was operated with no He buffer gas in the vacuum 
chamber. The base pressure of the instrument was 
3.5 x lo-* torr (uncorrected), as indicated on an ion 
gauge mounted on the vacuum manifold. The Teflon@ 
ring electrode spacers were found to absorb strongly at 
944 cm-l during the laser irradiation period, which 
desorbed both neutral and ionic species that can affect 
The LO-cm-diameter IR laser beam was attenuated 
by the 0.3-cm (l/8-in.1 entrance aperture on the ring 
electrode. The ring electrode was modified by incorp; 
ration of three polished stainless steel spherical con- 
cave mirrors (radius of curvature = 2.0 cm) mounted 
on the inner surface of the ring, as shown in Figure 2. 
The approximate photon density (assuming constant 
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intensity across the attenuated beam width) observed 
in the radial plane of the ring electrode can be seen in 
Figure 2. The most critical adjustment of the mirror 
system was the separation of the centers of curvature 
of the mirrors A and B shown in Figure 2. This separa- 
tion determines the number of beam transversals across 
the ring electrode: 4, 8, 12, or any other multiple of 4. 
The mirrors were mounted on the ring electrode such 
that the centers of curvature of mirrors A and B were 
on the front surface of mirror C, and the center of 
curvature of mirror C was halfway between mirrors A 
and B [18]. 
Each mirror (and its mounting bracket) was con- 
structed from a single piece of stainless steel. At one 
end of each piece, the radius of curvature was cut 
(r = 2.0 cm) and the surface was highly polished. The 
three mirrors were mounted into precision-drilled holes 
in the ring electrode positioned such that the align- 
ment was automatic; no realignment has been needed 
since the original assembly of the multipass ring elec- 
trode (19 months). A small mechanical screw was used 
to hold each mirror-mirror mount assembly in place 
on the ring electrode. Laser alignment was set such 
that the center portion of the l-cm Gaussian beam 
profile was transmitted through the entrance aperture, 
thus yielding high photodissociation efficiency. There- 
fore with efficiencies already greater than those pub- 
lished for previous designs on a QUISTOR trap or ICR 
cell, condensing the beam down to 0.3 cm was consid- 
ered less important than examining the numerous ways 
in which gas-phase ion chemistry can be studied via 
IRMPD with this unique design. Furthermore, with the 
beam focused to 0.3 cm, damage to the surface of the 
dation of the ion trap mirror surfaces has been ob- 
served with the unfocused laser beam. 
The pulsed valve used in the experiments (Series 9, 
General Valve Corporation, Fairfield, NJ) was mounted 
on the opposite flange from the ZnSe window (see 
Figure 1) and was used to pulse He into the ion trap to 
increase trapping efficiency. The pulsed valve was 
placed 0.5 cm from the outer diameter of the ring 
electrode. Its horizontal position was between the 
modified ring electrode and the entrance endcap. The 
pulsed-valve controller (built at the University of 
Florida) was controlled by an external ‘ITL pulse gen- 
erated by the ITMS electronics. The timing diagram 
shown in Figure 3 displays both the laser control TTI 
pulse and the pulsed valve TTL control pulse for a 
given scan function. 
Bis(2-methoxyethyl)ether (diglyme; ACS reagent 
grade purchased from Fisher Scientific, Fairlawn, NJ) 
was introduced via a Granville-Phillips (Boulder, CO) 
fine metering valve directly into the ion trap manifold. 
Depending on the experiment, the diglyme sample 
pressure ranged from 1.1 to 3.6 X 1tY7 torr. Formation 
of the protonated diglyme was accomplished by chem- 
ical self-ionization, predominantly due to the reaction 
of the low mass even-electron fragment ions from 
electron ionization (EI) of diglyme with the neutral 
diglyme molecules for 400 ms. The resulting [M + H]+ 
ion of diglyme was then mass isolated by a two-step 
rf/dc isolation routine [22]. Next a 400-ms delay was 
included to allow for removal of any excess internal 
energy by radiative and/or collisional cooling. The 
protonated diglyme was then irradiated for a specified 
time period with the cw CO, laser. After the laser 
ion trap mirror was observed when the laser was irradiation period, a 10-ms time period was incorpo- 
tuned to a strong IR emission line (e.g., 10.59 pm). rated for decay of the laser output when the high 
With continued use over a 19-month period, no degra- voltage was turned off. For all photodissociation effi- 
ciency measurements in this report, the m/z 103 prod- 
Multi-Pass Rinq Electrode uct ion from the IRMPD of protonated diglyme was 
f-Y-. 
resonantly ejected (4, = 0.3, frequency = 115.6 l&z, 
Rinq Electrode / c 
Loser Beam 
Figure 2. Modified ring electrode for multipass IRMPD experi- 
ments. Mirror positions and the eight passev across the radial 
plane of the ring electrode, along with approximate photon 
density in the radial plane of the ring electrode, are shown. The 
positions of mirrors A and B determine the number of laser 
transversals across the radial plane of the ring electrode. 
Rmongnt :: 
l3xci~lioll 
F-9-v : : p 
Figure 3. ITMS scan function and timing diagram for a typical 
IRMPD experiment Gigwe not to scale). 1, pre-ionization/pulsed 
valve on; 2, ionization-chemical self-ionization reaction; 3, two- 
step mass isolation: 4, vibrational relaxation; 5, laser on; 6, laser 
decay; 7, acquisition. 
J Am Sot Mass Spectrom 1994,5, 886-893 MWLTIPASS IRMPD IN THE QUADRUPOI,E TON TRAP 889 
amplitude = 100 mV) both during the laser irradiation 
period and during the laser decay period (periods 5 
and 6 in Figure 3). This prevented the possible occur- 
rence of any ion-molecule reactions as the result of the 
reaction of the sequential absorption product (m/z 59) 
with neutral diglyme. The resulting photofragments 
were then mass analyzed via resonance ejection with 
= 0.89 and an amplitude of 1.5 V (z&o to peak) 
$?4]. 
Results and Discussion 
Figure 4a shows the EI mass spectrum of diglyme at a 
sample pressure of 3.6 X 10m7 torr. Typically no 
molecular ion M+’ at m/z 134 is present. Instead 
fragment ion m/z 89, formed by cleavage of the car- 
bon-carbon bond, and fragment ion m/z 59, formed 
by either loss of aldehyde from m/z 89 or loss of 
C3H70, from the molecular ion, dominate the EI mass 
spectrum. The inability to form the molecular ion, 
coupled with the ability to produce protonated diglyme 
(m/z 135) easily via ion-molecule reactions, led to the 
use of the protonated molecule for IRMPD studies. 
In Figure 5, the wavelength dependence of the 
IRMPD spectrum of protonated diglyme is shown. The 
wavelength was varied from 933 to 953 cm-‘. The 
spectrum was normalized to an irradiation energy of 
0.2520 J. The reaction channel was not found to depend 
on the laser wavelength used; only the photodissocia- 
Figure 4. (a) EI mass spectrum of diglyme at a pressure of 
3.6 X lo-’ torr and 15-111s ionization time (no He present). 
(b) IRh4PD spectrum of protonated diglyme at 944 cm-’ and 
10-111s irradiance time (energy = 0.201 J). (c) IRMPD spectrum of 
protonated dirlvme at 944 cm-’ and 40-ms irradiance time 
Figure 5. Photodissociation efficiency as a function of laser 
wavelength for proton&d diglyme at an energy of 0.252 J 
(1.1 x 10F7 torr diglyme). 
tion efficiency was affected by varying the laser wave- 
length. The maximum photodissociation efficiency was 
found at 944 cm I. A higher degree of photodissocia- 
tion efficiency was observed in the ion trap compared 
to an eight-pass ICR cell (a 90% at h,,_ versus e 55% 
at A,,,). The difference in these values was attributed 
to the easier alignment of the ion trap system. The 
width of the absorption peak for protonated diglyme 
in the ICR cell was approximately 7 cm-’ [19] com- 
pared to 12 cm-’ for the ion trap. This difference may 
arise from the deviation in ion temperatures in the 
QITMS compared to those in the ICR. Ion translational 
temperatures (measured with argon-nitrogen kinetic 
thermometer reactions) in the QITMS were found to lie 
in the range 1700-3300 K, whereas those in the ICR 
were found to be 500-880 K [25,26]. The higher kinetic 
energy of the ions in the QITMs may correlate with a 
higher internal energy content, and this lead to a larger 
absorption bandwidth because of a higher percentage 
of molecules in the vibrational quasicontinuum. 
Characteristic photodissociation spectra of the [M + 
HI+ ion of diglyme at 944 cm-’ are shown in Figure 
4b and c. At lower irradiation energies (irradiation 
time = 10 ms) the single reaction channel observed 
was the formation of n/z 103 with corresponding loss 
of neutral methanol as shown in Figure 4b. At higher 
irradiation energies (irradiation time = 40 ms) the 
dominant reaction channel involved the loss of an 
acetaldehyde neutral from the m/z 103 ion shown in 
Figure 4c. The presence of a small m/z 59 peak at 
lower irradiance times suggested a competitive reac- 
tion mechanism for the formation of the product ion 
species from the m/z 135 parent ion. Alternatively, 
when ion intensity was plotted as a function of laser 
irradiance time (Figure 6), the appearance was that of a 
series of consecutive reactions. 
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Figure 6. IRMPD ion growth curves that show the two reaction 
channels for protonated diglyme. 
To determine if the reaction mechanism was com- 
petitive or consecutive, a series of MS” experiments 
was conducted. In the first experiment, the formation 
and mass isolation of protonated diglyme (m/z 135) 
were achieved as described earlier. A tandem mass 
spectrometry experiment was then performed with a 
lo-ms laser irradiance pulse followed by mass isola- 
tion of the m/z 103 product ion. A series of MS3 
experiments on the m/z 103 ion performed by varying 
the laser irradiance times from 1 to 80 ms (increased 
energy input) produced the ion growth curve for the 
m/z 59 product ion shown in Figure 6. To verify the 
exclusive formation of the m/z 59 product ion from 
the m/z 103 parent, a second tandem mass spectrome- 
try experiment was performed on the protonated 
diglyme parent ion (m/z 135) with concurrent notch- 
filter election of the m/z 103 product ion. As before, 
the laser irradiance time was varied from 1 to 80 ms. 
Results from this experiment produced only a decrease 
in the protonated diglyme parent ion, but no formation 
of the m/z 59 product ion. These experiments con- 
firmed the formation of the m/z 59 product ion from 
the m/z 103 precursor, thus verifying the presence of 
consecutive reaction mechanism of the type m/z 135 
+ m/z 103 + m/z 59. The proposed mechanism of 
this consecutive reaction, seen in Figure 7, corresponds 
well to results reported previously for the IRMF’D of 
protonated diglyme in the ICR cell [27]. 
The minimum number of photons (n) needed to 
reach the thermodynamic threshold for dissociation 
via a given reaction channel was calculated by divid- 
ing the enthalpy change by the photon energy: 
AH = nhvNA (1) 
where AH is the enthalpy change, n is the number of 
photons absorbed, h is Plan&s constant, Y is the 
CHrijH + KH,CH,i-CH,-cH,&CH3 . 
CH34H-+CH;-CH+CH, 
pxq 
MIlhV e?6 
4 CH,-CH=O-CH,-CEI-&CH, " 
CH,-CH&H, 
[miz59J 
Figure 7. Photon absorption process and reaction mechanism of 
proton&d diglyme. 
frequency of the radiation used, and NA is Avogadro’s 
number. The AH, values for neutral methanol, neutral 
acetaldehyde, and protonated diglyme were obtained 
directly from the literature [28]. The AH, values for 
the photofragments m/z 103 and 59 were estimated by 
using quantum mechanical AM1 (Austin Model 1) 
calculations based on the neglect of diatomic differen- 
tial overlap approximation [29, 301. The accuracy of 
the AM1 calculations was checked by comparing the 
value obtained in the literature (114 kJ/mol) for proto- 
nated diglyme (m/t 135) against that of the AM1 
routine (100 kJ/mol). A summary of the AHr values 
for the two consecutive reactions of diglyme is given 
in Table 1. The errors observed in the tabulated values 
(e.g., AH, CaH,,OT and AH, C,H70f) were on the 
order of 15 kJ/mol as determined by Katritzky et al. 
[31] for 14 different cationic species by using the AM1 
calculation. The results obtained for the observed reac- 
tion channels were n r 3 for the lower energy process 
and n z 6 for the higher energy process as shown in 
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Table 1. Thermochemical data for the photodissociationof proton&d diglyme 
C,H,,O:+ nhv + C,H,,O;+ CH,OH 37 &H,,O:= 352’ CBH,,O:= 11 4b n r 3 
CH,OH = 201b 
&H,,O$+ nhs + C,H,O++ C,H,O 68 &H,O+= 586” C,H,,O:= 352” 1126 
C,H,O = 
ahHt values obtalned by AM1 calculations (refs 29 and 30) 
‘AH, values obtalned from ref 28. 
Table 1. The total number of photons absorbed by the 
C-O stretches in protonated diglyme was n 2 9 for 
formation of the m/z 59 fragment. The calculated 
photon energy at 944 cm-’ was 0.117 eV. 
The photodissociation efficiency (P,) for a given 
reaction is defined as the fraction of the original ion 
population photodissociated over a given exposure 
time (t) for a specified laser irradiance: 
P, = 1 - (I/I,) (2) 
where I is the signal intensity of the dissociating ion 
(m/z 135 in this case) measured at the end of the 
exposure period and I, is the signal intensity after the 
same time period without irradiation. This definition 
of I, corrects for any unimolecular or collision-induced 
dissociation that may occur. Measurements for I,, and 
I were an average of 10 consecutive analytical scans 
(laser off followed by laser on) with corresponding 
error bars in Figures 6, 8, 9, and 10 defined as the 
standard deviation of the mean. From eq 2, a first-order 
relationship for IRMPD kinetics was obtained: 
u.4~0 0.0 1.0 2.0 M 4.0 
Laser Table Delay Time in s 
Figure 9. Photodlssociation efficiency as a function of time after 
the He buffer gas pulse. 
ln(I/l,> = -k,t (3) 
6.5- 
-LO- 
S -,.5- 
3 
where k, is defined as the photodissociation rate co- 
efficient [12]. By plotting In(I/I,) versus t (Figure 81, 
the rate coefficient obtained for the diglyme [M + HI+ 
ion was k, = 97.2 i 1.9 5-l. This value was signifi- 
cantly higher than the 2-30-s-’ values obtained at 
higher laser irradiances reported in the literature [ll, 
12, 321. Clearly the multipass ring electrode enhances 
photodissociation efficiency to a great extent. An inves- 
tigation into the amount of photodissociation enhance- 
ment observed with the multipass design versus vari- 
ous single-pass designs is currently underway in our 
laboratory. 
LO- 
4 
-2.5 
Figure 8. Determination of the rate coefficient for protonated 
diglyme at a pressure of 1.1 X 1OV’ torr by using weighted linear 
regression, k - Y7.2 f 1.9 s-’ (slope + 95% confidence interval 
of the slope? ~ 
Pulsed valve experiments were conducted to deter- 
mine if the increase in trapping efficiency during ion- 
ization associated with the addition of He buffer gas to 
the ion trap analyzer would interfere with the colli- 
sion-free requirements subsequently needed for 
IRMPD. A 1.6ms pulse of He gas was found to trap 
the maximum number of diglyme [M + HI+ ions for a 
IO-psi He back pressure. The signal intensity of proto- 
nated diglyme (m/z 135) by using a 1.6-ms pulse of 
He gas during the pre-ionization period was higher by 
a factor of 7 than when He was not used in conjunction 
with the ionization event. The ionization time for both 
experiments was 1.0 ms. 
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Figure 10. Effect of resonant excitation voltage on photodissoc- 
ation efficiency of protonated diglyme. 
For photodissociation to occur, the rate of photon 
absorption must be greater than that of collisional and 
radiative zleactivation. Thus for pulsed-valve experi- 
ments, long ion storage times (several seconds) were 
required before triggering the laser to pump away the 
He buffer gas initially used to efficiently trap and 
damp the diglyme ions needed for the formation of the 
protonated (m/z 135) species. Storage efficiency mea- 
surements show an approximate loss of 2% of the 
original ion signal after 70 s of ion storage. The ph* 
todissociation efficiency as a function of the laser delay 
time is shown in Figure 9. After a 2-s delay between 
the He gas pulse and laser trigger, the photodissocia- 
tion efficiency levels off at approximately 90%. 
The multipass optical design used in these experi- 
ments produces a high photon density in the radial 
plane of the ring electrode as shown by Figure 2. A 
preliminary investigation to determine the influence of 
storage conditions (qz and a,) on photodissociation 
efficiency was undertaken with protonated diglyme. 
The effect on the photodissociation efficiency of excit- 
ing the [M + HI+ ions of diglyme (no He present) by 
using resonant excitation (during period 5 in Figure 3) 
is seen in Figure 10. With increasing resonant excita- 
tion voltage applied to the endcaps, the axial excur- 
sions of the ions increase, thus the fraction of time the 
ions spend in the radial plane of the multipass ring 
electrode and therefore the extent of interaction be- 
tween the stored ions and photons was decreased. This 
led to the decrease in photodissociation efficiency ob- 
served for increasing resonant excitation voltage. 
the study of fundamental gas-phase ion chemistry. By 
employing a multipass optical design, increased pho- 
todissociation efficiencies can be obtained for a variety 
of compounds in the IR region. This unique design 
allows for the determination of gaseous ion spectra 
and structural information for use with low power IR 
laser sources. The information obtained from determi- 
nation of the dissociation pathway of lowest activation 
energy can aid greatly in the simplification of the 
structural elucidation process. Also, the use of a pulsed 
valve to increase the storage efficiency while obtaining 
ion populations under collision-free conditions, and for 
future use with ion injection, was demonstrated. The 
ability to store ions for long periods of time with 
minimal ion population loss allowed for the long irra- 
diation periods necessary for Iv6” experiments. Fi- 
nally, the effect of resonant excitation voltage on pho- 
todissociation efficiency (e.g., ion residence time within 
the radial plane of the ring electrode) showed that 
even with a large optical path length, the axial excur- 
sions of the ions were important for efficient photodis- 
sociation. 
Current and future investigations that involve the 
ion trap and photodissociation in our laboratory focus 
on four specific areas: (11 gas-phase ion chemistry 
studies with diglyme and other IR-absorbing com- 
pounds, (2) evaluation of various single-pass and mul- 
tipass electrodes to determine the most efficient de- 
signs for photodissociation, (3) a detailed study of the 
ion trap stability diagram as it pertains to photodissw 
ciation efficiency that involves a given parent ion’s a, 
and qz value, and finally (4) the use of matrix-assisted 
laser desorption and ion injection techniques for pho- 
todissociation (in the IR and LJV+G.) of carbohydrate 
and glycoprotein molecules. 
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